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FNAL Interests in Low Power High Speed Transmission

A4

Technical Challenge: High speed data transmission (on-detector components)
Must be reliable (frequent access to detector components is impossible)
High data rates needed for enabling future readout architecture advances
Radiation and magnetic field tolerance required
Low power (cooling), low mass (scattering) components needed

Optical modulators may be a promising alternative to on-detector lasers

HEP Application: Track triggering
High speed, low power data transmission between layers of a tracker

High speed, low power data transmission off detector
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FNAL Possible Contributions

Test Engineering Activities:
High Speed Electrical and Optical Signal Characterization
Environmental Testing
Radiation Testing
Design for Test:
High Speed Printed Circuit Board Design and Assembly

Low Noise Flexible Circuit Design
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Modulator System Test Engineering
FNAL/CD/ESE Facilities e
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Modulator System Test Engineering QO“
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Modulator System Test Engineering

Eye Pattern Measurements and Analysis

Eye Pattern Measurements
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“Standard” Transmitt eUnitsMeasur e ment ©ther Modulator Measurements
Optical Modulation Amplitude (OMA) dBm or nW Bandwidth = (fy,per — fiower) (50% reduction in modulation amplitude)
Transmit Eye Extinction Ratio dB Insertion Loss
Transmit Eye Opening % of OMA Reflectance
Transmitter Rise Time ps Power Consumption
Transmitter Fall Time ps
Transmitter Total Jitter Fraction of Ul
Transmitter Deterministic Jitter Fraction of Ul
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Modulator System Test Engineering

Optical and Electrical Jitter Decomposition and Analysis
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Results : 10 Gbps, 127 bits

Data Source: CH1 Data Rate: 10 Gbps Filter: None
SSC: Off Pattern: 127 bits Channel: None
Phase Reference: None Sample Count: 158.10 k Equalizer: None
Random Jitter Random Noise
RJ (RMS) = 1.31 ps RN (RMS) = 5.64 uwW
R3I(h) (RMS) = 1.06 ps RN(v) (RMS) = 5.56 uW
RI(v) (RMS) = 767.62 fs RN(h) (RMS) = 944.55 nW
Deterministic Jitter Deterministic Noise
D] = 15.82 ps DN = 77.97 uW
DDl = 13.89 ps DDN = 78.12 uW
DCD = 4.99 ps DDN(level 1) = 83.56 uW
DDPWS = 16.77 ps DDN(level 0) = 61.99 uW
Pl = 1.29 ps PN = 1.15 uW
Pi(h) = 1.29 ps PN(v) = 94.99 nW
PI(v) = 13.10 fs PN(h) = 1.15 uW
Total Jitter @ BER Total Noise @ BER
TJ (1E-12) = 36.56 ps TN (1E-12) = 155.80 uW
Eye Opening (1E-12) = 63.44 ps Eye Opening (1E-12) = 307.06 uW
Eye Amplitude = 462.86 uW
SSC Modulation
RI(d-d) = 1.55 ps Magnitude = 0 ppm
Di(d-d) = 14.28 ps Frequency = 0 Hz
Analysis complete [ \y N
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Modulator System Test Engineering

Temperature Dependence for Electro-Optical Measurements
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Design for Modulator Test
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High Data Rate Evaluation Boards Compact High Data Rate Application Boards

Design for these speeds (IRbpsand greater ) requires careful engineering:
Precisely balanced and matched traces
Control of impedance discontinuities
Use of low loss PCB materials
Design for low emissions and susceptibility
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Design for Modulator Test

Other expertise:
Test stand development for SEU testing of ASICs

Testing of irradiated devices

We have recently taken delivery of a CSZ Environmental Test Chamber for:
Temperature Testing
Humidity Testing

Accelerated Aging Testing
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